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DIFFERENTIAL REACI‘ANCE PERMANENT 
MAGNET POSITION TRANSDUCER 

BACKGROUND OF THE INVENTION 

This invention relates to a position transducer com 
prised of at least one sensor having an output that is 
based upon differential reactance. 
Of the known position feedback transducers, optical 

encoders have severe drawbacks, including sensitivity 
to temperature and mechanical shock, dif?cult mount 
ing and alignment requirements, and cable length limita 
tions; optical encoders are particularly disadvantageous 
in electrically noisy environments. Although induction 
based electromagnetic feedback transducers are gener 
ally reliable and accurate, they afford only single speed 
capability, typically with low electrical frequency, and 
they require relatively complex interfaces; such trans 
ducers are also sensitive to magnetically harsh and elec 
trically noisy environments, they are subject to mechan 
ical run-out, mounting and concentricity alignment are 
dif?cult, and they require integral transformers for con 
tactless transfer of AC power to the rotor. 
Non-permanent magnet reluctance-based transducers 

take advantage of variations in magnetic path reluc 
tance, which occur when two ferromagnetic members 
slide or rotate past one another. In one known system, 
the difference of two reactances is measured to produce 
a sinusoidal output that has low harmonic content and 
distortion, and in which the frequency (number of elec 
trical cycles per mechanical revolution) is relatively 
high. Disadvantages of devices of this kind include 
however single speed or frequency capability, sensitiv 
ity to magnetic disturbance ?elds, difficulty of mount 
ing and concentricity establishment, and run-out ten 
dencies. 

In permanent magnet reluctance sensors, changes in 
path reluctance, produced by relative movement of 
ferromagnetic members, are used to modulate magnetic 
?ux in stator poles. Despite knowledge of the principle, 
permanent magnets have seldom been used heretofore 
in position sensors; that is so primarily because voltages 
induced in the sensing coils by the magnetic ?ux ?eld 
make the acquisition of accurate, high-resolution posi 
tion information most dif?cult to achieve. 

In US. Pat. No. 4,406,983, Ramirez discloses a rota 
tional magnetic transducer for commutating a motor, 
which transducer affords tolerance to stray magnetic 
?elds and a capability for operation in hostile environ 
ments. The device employs two coils per channel, so 
arranged that the permanent magnet-induced back‘ 
EMFs cancel one another. Output is determined by the 
total inductance of both coils, which contribute equally 
to the signal at all times and in all rotor positions. 

Stacy U.S. Pat. No. 5,140,245 also provides a perma 
nent magnet-based transducer that is suited for opera 
tion in hostile environments. The device is a three 
phase, permanent magnet-excited voltage generator, 
which has a relatively low electrical frequency to en 
able commutation of a brushless DC/AC servo motor 
or other synchronous motor. The output from each of 
the three channels is a signal (a permanent magnet ?ux 
induced voltage) having a magnitude that is directly 
related to rotational speed, the integral value of the 
signal therefore being indicative of rotational position. 
A so-called “permanent magnet resolver” is disclosed 

in Carlen, US. Pat. No. 5,160,886, and is described as 
being based upon the use of two coils having back-EMF 
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effects that are shifted 180° electrical from one another. 
The device is a two coil per channel, single reactance 
sensor, in which one electronic detector per coil is em 
ployed. 

SUMMARY OF THE INVENTION 
It is the broad object of the present invention to pro 

vide a novel differential reactance permanent magnet 
transducer that exhibits outstanding performance char 
acteristics. 

It is a more speci?c object of the invention to provide 
such a transducer having an output that is highly sinu 
soidal and low in harmonic and hysteresis content, for 
high accuracy, which transducer is also highly immune 
to hostile environmental conditions such as tempera 
ture, vacuum, radiation, vibration and magnetic distur 
bance ?elds, thus making it well suited for use in close 
proximity to magnetic motor structures. 
Another broad object of the invention is to provide a 

permanent magnet transducer having a plurality of 
sensors, at least one of which generates differential 
reactance signals for position determination. 
A more speci?c, related object is to provide such a 

transducer having three sensor sections, two of which 
rely upon differential reactances and constitute a high 
resolution sensor and a commutation sensor, and the 
third functioning to indicate a home position. 

It has now been found that certain of the foregoing 
and related objects of the invention are attained by the 
provision of a differential reactance, permanent magnet 
transducer comprised of a stator and an armature, the 
stator having a ?rst section with at least two pole ele 
ments of ferromagnetic material thereon, each having 
an electrically conductive coil wound thereabout, and 
the armature having a ?rst magnet section with at least 
one permanent magnet pole element thereon. The sev 
eral pole elements are so disposed as to cause the mag 
net pole element of the armature to register sequentially 
with the pole elements of the first section of the stator, 
as the armature moves relative thereto; their disposition 
is also such that the ?ux density variation produced in 
one of the stator pole elements, as a result of movement 
of the magnet pole element relative thereto, varies in an 
out-of-phase relationship to the ?ux density variation 
produced in the other stator pole element. The coils on 
the stator pole elements have effectively equal numbers 
of turns, and are connected in series so as to provide at 
least one circuit having terminals to enable the applica 
tion of voltages thereacross, and to enable measurement 
of voltage values at a junction between the coils, each of 
which coils comprises a leg of the circuit. Thus, the ?rst 
stator section, the ?rst magnet section, and the associ 
ated coils provide a ?rst sensor section in which the 
values of voltages applied across the circuit will be so 
modulated as to enable the generation of signals that 
vary sinusoidally, as a function of armature position and 
reactance variation in the coils. Electrical and mechani 
cal features of the transducer are such that no net back 
EMF value is inductively generated in the coils as a 
result of movement of the armature relative to the sta 
tor. 
The transducer armature will usually be a rotor hav 

ing a plurality of magnet pole elements (normally at 
least four) equiangularly spaced from one another about 
its axis of rotation, and disposed to register with the ?rst 
stator section pole elements. The ?rst section of the 
stator employed therewith will usually comprise a mul 














